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Transformer Fault Recognition ahd Interpretation
Using Kohonen Feature Mapping

* Yong-Han Yoon, Jae-Chul Kim, Do-Hyuk Choi
Department of Electrical Engineering, Soongsil University

Abstract - This paper presents fault recognition and
interpretation in power transformers using dissolved gas
analysis embedded Kohonen feature mapping. The
imprecision of gas ratio analysis in dissolved gas analysis
are managed by mapping in accordance with learning of
Kohonen neural network. To verify the effectiveness of
the proposed system, it has been tested by the
historical gas records to power transformers of Korea
Electric Power Corporation. More appropriate fault types
can support the maintenance personnels fo increase the
disgnostic performance for fault of power transformers,

1. N2

Q

g S0 ST A= JAS 2Me=2 UEel 1)
& 52 d 180 EFRE It HIHOZ 1960
OF Gt ZZITI0f 19700001 AI8SH TICH. Sl
NARCZ el OI8EM RUCHI-4] J2U |5 Jix
EMZE B 18 B JiEN IG ZU0 88
OiX= 200l Cist)| 200 SN0l Z-&0l mot
L2 XelED AT £S5 NSHA A7E Sise ©
201 D& G0 e SSE0 J3i EE M8t
= 2=01 A0 0IF ==6D| 28t sl &2 o
S(EA H20t A2 & &F 20N 320D
ZH0I0t & WUNED U ENcls 20! =&
1 ACHSE-T)

[I2IM 2 =20IN= TsH A1F 329 N8O
2 B R Jix 2M D& O R BIM0) 2t
e SAE (IS M2e B0 D& A weig R
ORI HolE ISH A SRS 0i@st B
& [ M2 Bl MY BNQ Bl RF JiA
JIECZ a848 AFsIAC

B9 D& A WHOSN RE JiA gAML

2. R JIX 2AY

H2g B2 LIR0IM OlA(RE 23, 013 gA.
=& U S0 A BICA & 20l B 0

O 2 20 Z8E 29 Alizs SRHEH HA=D.
CHAHED. CHAOINEES). CHAOIEEN. CH(OIE). CO
(SLIBIEILD), COAOIMIGIELD), OA&tR). NAEL) &9 It
A0 LMGI0H 2 Jias (IRR EOR E0 Sa
Ch JoiS= Mg BRDIOIM 23R8 UF0I0 K5
A BA0IT 2 DA DA SN0l TM0) [

£ 0l RF X 1 B35 F38 = A S JIr
EAMEE Oi8st &8 g 18 Y HEe==
Cigudt Z2 2101 EROICH

® JiA FHHIE 0188 2A{23)
@ FQ JIAE 088t EA[4.5]

012 22 BN VI M8 B 220 &gl
8% HOR o WA Yal 28 ZH0 [t M2 O
202 oid A8 Bliel |3 Ji2 24 2t I
ct O T&Eci=Ji= DI Ol 2R0ITE J2&
RS Ji2 2oz & MUE 80k=0 A0Ms
OIE & VN Be8 YEol= 2101 U0

21 Ji2 MHIE oi8st 2M

RS I BaE0) Jix PHHIE 0180l BN
CIBHAE HEACZ N8l 2I2 IEC[3] Rogers{2),
Dornenburg(2] JIE S01 ULt EC JIER 3BFRY JiA
FEHIE A8 20I0. Jix H20] HIS(CH/CoH.
CHa/Ha, CoHy/CoHe)Of [t TEJH RO = 0l B
RE Z80l= geoz Y R0 SR & 930
ZC B0l EREs IH ZU SsHEY) 78 ¢d
(HE AN 013 SSEE MDD ASRERE A2 U
£ 5 QU 01 232 0lN9 RE8 438 = U= )
Z0| UgaiCl= 2400 8H0I ACH

22 2R

Jix SHl 2Mg §6101 Jag Bl 18
g ~ag & AR 3800 M8t E I
ERE0!I R A JHI0) gt BM0 3= H 1
Of LIER 20l 22 R0 2d8 = AL . IEC D)
Z00 JIX3I01 3BRY JIA HIg XTEo=E IEE ¥

- 864 -



At £8ikl= I RHO0| 28 2= U= 20ICH

H . IEC JE0I OBt Jkx 2] 2A0) 0

. NAE CO L CO | Hy | CHy | CoHa | oM | Coks
PP 200001 150 | 50 |32 { 4 |10 22
==
20 T CaHy/CoMa CHa/H, CaHa/CoHs
e
EC| Hig 0.04 064 500
I= 0 0 2
LA unknown |

MM =2 10 22 EXNE0l eEE [ 1E
Ellunknownidls ZlEll= 0= ZOZ ZE iig
0l 2 AE Itkz 0! A0 2 =R0iN=
g Ji& 4l ""“”“U = 59 Ligg sy o §1
SUOZ IS0I0 2 20| g 8" + A=
NE2 212iES ’IARBICL

3. T4 iE 2y

&g =2 I Ak &
UsORDL Isd oE 222 2= HE Of
&5t oig2 02l A 81 XD 242 s&dk= At
2 5"‘§.—l QHOICH DoY oY 228= X oA
H} AL2IE0 ¢F D=Mik= ol ASHR! AXEO]
OIICE 28 101N 2= diQt 201 249 Z2=2 0IF0
M UL O A 2ol M Bl &2 22801l &
BN 22 Z™S0I0 2089 4% X2 T QCH
2= &2 A R es(}i}}d Bl 32 gaes o

S8 Aig @

III>

9_“IO

gez
O

m %Om & UR &2 288 M2 SZT AT 0
FRIER ZUB0N 1 Y2 IZLURUCHE]
Kohonen Layer (e o jo o

input Veactors

{3y Xp. o X3

b B=HOl +

IS & J2Ue 288 I UE &8 322
OIMs HIXC=R BIAl S= 5 JIA 28 =golol
gtk olll= sl weld) o2 2% HE) &9 s
JHRIEN MEGHA ?E?IQ}EJO{Ot pith Og sils &2
4% HEQ 22 HEDL &N 00IM TAI0IQ) BHSIE
2OF N0t BTk 012 E‘E QP2 IeH &E 8
S0 ACM DI 28 UB0LL

sy MF =Y SisiiM 4 melk g 2k

HEIQH Q= HEDL S0 JOI2JIE ALBICE 12l

2t RRER Si58 > Uz SHS FOED| KoM M
2 JM3I=0 H20 Ol O wel0l sciohll &
Ch 0l &t =&i0l aéi LSE BY & Q= RSt =
g0} &8t O Rest welt 0l OiEht OIr wels
Oigl RINE 2= ”“Ei [HelM &is0l il 3sH
A& 3I2U0| sl HAS 'SAl S&(winner take aII)’
ZM SAI0I0) FHE 4 2 UACH, &A% 19 01R
oo O g9 oZ 258 1&g = Ut Aougsmm
Qg2 CRIoE ISH LA 32y AIAEE SUNAM
BHBl= AZscheme)Ol EX RIGE NS

s wei2 26 Y = I&Y &MF =
Aol sty HA0 Ut w9 oF d&E G0 &t
CL Ol #&2 U8 Aoz HEELL

Wnew:Woid + Q‘(X - Wold) (1)

OPDIN W= R8ED] 0130 &2 2% HR0
O W= 288 89 MER ¢ #HE0D. X
= 22 e HEOIH a= &8 4==0IL

4. N 94

ROt NARIOl o848 28d)] oM 8 =8
OiM= B2 &2 SAIQ] 8X2 FHSE 1991U8h
19954 AIQIQ] JEg Bl R Ji HIOEE Akl
o9 (heez ’*@OPO‘U 3@ 2= =8 ERl
2 OB 2aEhet &3 Z0AD 82D A0
LS &5 "*EHg LIEHH ZiOL'd Ee=1ld I
WA 20 2 g J2igt 200 &
3N B STIAl= HEAQ Alf @98 LIEd 21011

5 6= 21 N2A 90 Chet TS (1 SIER0l 2
HIS ZUZ LEM 200 &
220 7 980 358 R

Ho2 U A 9
ScCiA X0 i A

o2 1S4 Al 20 A= MAHE
Initial learning rate 05 B
Initial neighborhood 5
Training patterns 30
Testing patterns 700 |

Clagsification rate 92.71%)

- 865~



3 M AR
JIAE COp | CO | Hy | CHa [ CoHa | CoHa | CoHs
pupS] 709 | 87 |1398] 53 { 14 | 11 | 12
IEC D= partial discharge
Rogers JIE partial discharge
HiOiBt g partial discharge

4 Nd 92 2
NAS CO, i CO | Hp | CHa { CoHa | CoHa CoHs

oA 940 | 138 | 26 {558 0 | 960 | 365
IEC JIZ thermal
Rogers J|& unknown
RISt g thermal

H 5 A &2 3

AR CO2 | CO | Hy | CHy | CoHa | CoHa | CoHs
oA 942 30 [ 135 33 | 76 | 45 | 49
IEC JI= unknown
Rogers JIE unknown
HOist g arc_discharge

5 &8

20N IsY &M 20| HBOZ H!

FE Jt2 260 D8 A 3! oiM0 22 |3
USAZ! M2 B0 D& A UEE RO
- & =20IM AiQIst B1i)] 08 X Y2 4o
NBEH= RF It 24 HEO=Z JI2 4H| M
IEC JIZ)2 MEOIRCH et E240=2 BAJI9l &
R ¥ N8 SRE ZT8 = L2 A0 2
SAE JsY &F 2U02 FFOI0] JISSIGIAC
ctN g=El R J12 24 Z00) [t 0] 2
ZIHDE K2 OIAl I GRMDE HAIZISE 2AGIQIC
MRt Azdl M oi2dg 0188 B2 & aH
YRS gl= A= SN2 8| RS Jix JIFC=E &
842 2B0IAL UM RS Ji& BAfioz SAM
= B2 I R AR} FE0! JKsohl DA 01
HEOZ MES R X B A Hoig FA

A SACH

HU 2o

—
m

0

1> 10 30 0

2 os JENSBBE0A UN HS 94X
-100] "HE WA HAS 0I5 X AH| Ol XL
NAEIO] [ SRHIR 8T

A28

[1] P. S Pugh and H. H. Wagner, “Detection of
incipient Faults in Transformer by Gas Analysis,”
AIEE Transactions, Vol. 80, pp. 189-195, June 1961.

H 6 ISH & 32U0| wel g 2t

=d Case 1 Case 2 Case 3
1 0.2436 00389 | 02858
2 01246 0.1420 0.1657
3 00425 | 04163 0.1576
4 01423 05694 03045
5 02145 0.1557 0.1359
6 01635 0.3080 0.0493
7 01575 04848 02184
8 0.2249 06234 032
9 0.1342 03172 0.1644
10 02616 0.3875 0.2606
N 03065 05298 0.4942
12 0.4684 07416 00673
13 02928 0.3549 0.1854
14 0.1684 0.4648 0.0673
15 06816 06893 04377
16 05612 0.8262 05873

[2] R. R Rogers, “IEEE And IEC Codes to Interpret
Incipient Faults In Transformers Using Gas in Oil
Analysis,” IEEE Transactions on Electrical Insulation,
Vol. 13, No. 5, pp. 349-354, October 1978.

[3) IEC Publication 599-1978, Interpretation of The
Analysis of Gases in Transformers and Other

Qil-Fitled Electrical Equipment in Service

[4 J. J. Kelly, “Transformer Fault Diagnosis by
Dissolved-Gas  Analysis,” /EEE  Transactions on
Industry Application, Vol. 16, No. 6, pp. 777-782,
November 1980.

[5) C. E Lin, J. M. Ling, and C. L. Huang, “An Expert
System for Transformer Fault Diagnosis Using
Dissolved Gas Analysis,” [EEE Transactions - on
Power Delivery, Vo. 8, No. 1, pp. 231-238,
January 1993.

[6] K. Tomsovic, M. Tapper. and T. Ingvarsson, “A
Fuzzy information Approach to Integrating Different
Transformer Diagnostic Methods,” /EEE Transactions
on Power Delivery, Vol. 8, No. 3, pp. 1638-1646,
July 1993,

(71 2E A "RS JIA EME 0188 g |
DA NCH MO ANAEL" ZHAVISHIEISIAL Vol
11, No. 2. pp. 80-88, April 1997.

[8] Jae-Chul Kim, "Expert System for Fault Diagnosis of
Transformer,” Journal of Fuzzy Logic and Intelligent
Systems, Vol. 7, No. 1, pp. 45-53, March 1997.

- 866 -



